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Abstract 
DNV GL found that several parameters with impact on CSP plant performance are often not taken into account properly in Due 
Diligence processes. This paper investigates the potential impact of one of them.  
The purpose of this paper is the evaluation of the incident flux on the receiver system due to the variability of the Sunshape and 
the analysis of the potential benefits of implementing dynamic Sunshape profiles into simulation software to increase accuracy. 
The work includes an analysis of plant and spillage efficiency for various instants of the year using an optical model developed in 
DNV GL for a site near Seville, Spain. External cylindrical and cavity receivers have been considered during this study with 
state-of-the-art plants designs.  
Resulting efficiencies from simulations with static and dynamic Sunshape profiles have been compared and the differences at 
each DNI level applied to the annual DNI time series to give a preliminary estimation on the impact on annual intercepted 
energy.  
It has been found that an underestimation of spillage losses of around 5% can be expected for both receiver types at the chosen 
site, when simulating with static Sunshape profiles instead of dynamic Sunshape profiles correlated with the DNI measured at 
ground level. Since the spillage losses themselves only contribute to about 5-10% of the overall losses, the impact of up to 0.5% 
of the annual energy is not significant compared to other parameters, e.g. the  atmospheric attenuation. 
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1. Introduction 
Central Receiver Systems (CRS) are foreseen to be the most promising CSP approach for future applications due 
to their significant efficiency potential and ability to drive down electricity generation cost of CSP plants. 
CRS technology entails a higher degree of complexity in analysis and design relative to other CSP technologies. 
The quality of a heliostat field design together with the sizing of the receiver and other plant components cannot be 
adequately evaluated without the help of a software code to simulate the optical and thermal behavior of the plant, 
delivering unique configurations through techno-economic optimization and therefore requiring sophisticated 
software tools. 
Throughout our work in the CSP sector, DNV GL has been involved in many projects and assessed their 
feasibility from a financier’s perspective. One important parameter affecting the performance of CSP plants  is the 
Sunshape, that is, the angular intensity distribution of the suns disk, which changes from site to site, during the day 
and seasonally, as a function of aerosols and sun angle. The Sunshape is the most influential contributor to the 
widening of the reflected beam and therefore has an impact on Spillage losses in a CSP plant, directly impacting on 
the uncertainty in the expected solar energy gain and revenue stream. 
On the other hand, the Atmospheric Attenuation for CRS is a parameter which should be well determined in 
order to estimate the related losses, since heliostats can be as far as several kilometers away from the receiver and 
the composition of the air mass between them will impact on the losses through scattering and absorption. This 
parameter also varies by location. In this study the effect of the atmosphere was limited to considering the 
attenuation only, without taking into account the widening of the reflected image due to scattering between 
heliostats and receiver. This shall be deepened in further studies. 
Project developers have until now not pursued more extensive measurements of site parameters due to various 
reasons. However, recent experiences, e.g. in the Middle East highlighted the need for accurate resource assessment 
and the consequences of overestimating the solar resource and the impact aerosols have on the quality of the 
Sunshape and Atmospheric Attenuation.  
Regarding software tools, in common software codes the Sunshape is considered to be constant over time and 
normally generic Sunshape profiles are applied for all sites. Fig. 1 gives an overview over commonly seen Sunshape 
profiles used in CRS codes currently in the market. 
 
 
Fig1. Different Sunshape profiles from existing models [1, 2, 3] 
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DNV GL chose the DLR-Mean Sunshape profile as a reference to represent the most relevant static Sunshape for 
the purpose of this study. Simulations with this static Sunshape shall be compared to the results with a dynamic 
Sunshape for two plant configurations at the same site. 
2. Methodology 
In order to assess the annual performance and energy production of CRS plants, DNV GL developed the software 
suite SoFiA, the optical core used for these simulations is described in [4]. For the prediction of the Sunshape 
profiles at each site, Neumann’s work [1] regarding the correlation of Sunshape profiles with DNI was implemented 
into the code. 
2.1. Sunshape modeling 
The assumption of correlating the Sunshape with DNI is based on the idea that the Circumsolar Ratio (CSR) 
determining the Sunshape, as well as the DNI mainly depend on the amount of aerosols that the photons have to 
pass through on their way to the solar plant. 
In order to take the variability of a dynamic Sunshape into account, DNV GL has included a set of Sunshapes 
into the optical module of the tool and derives from them a corresponding Sunshape for the DNI level at each 
instant. Fig. 2 shows the resulting images for different input values of DNI ranging from 300 to 1000 W/m2. The 
abscissa corresponds to the angular deviation from the suns center in mrad and the ordinate represents the 
normalized intensity of solar irradiance originating from this point in the suns disk. 
 
 
Fig 2. Set of Sunshape profiles for different values of DNI 
 
Regarding attenuation losses or light extinction, a site specific function [5] was used to perform the simulations 
which is based on methodology published by NREL [6]. 
2.2. Solar instants 
DNV GL has selected seven representative cases to perform this work, to cover the summer, winter and spring 
seasons. 
Each case was simulated for two different Sunshapes. One of them is the static DLR-Mean Sunshape, which is 
the mean profile of the set of Sunshapes published by Neumann [1], and the second one are estimated Sunshape 
calculated by SoFiA for the specified DNI as input. The simulated cases are shown in the table below. 
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Table 1. Cases Matrix. 
Case Azimuth Elevation DNI 
Case 1 112 7.6 410 
Case 2 110 10.3 513 
Case 3 108 13.1 575 
Case 4 -51.2 68 924 
Case 5 4.01 37.56 285 
Case 6 0.96 37.64 904 
Case 7 45 59,04 865 
 
 
In order to derive a preliminary idea of the impact the different Sunshapes considered in this study have on 
annual plant performance, the differences in spillage losses at the different evaluated DNI levels were applied to the 
DNI time-series for this site. 
3. Simulation scenario 
3.1. Design conditions 
The location of Seville has been selected for this study since it is well characterized. The investigated plant 
designs are considered to employ receivers with a flux limit of 1000 kW/m2. During the simulations it is avoided 
that this limit is exceeded at any point on the receiver surface to avoid excessive material stresses by defocusing 
relevant heliostats. 
The heliostat field and receiver sizes were designed with a design limit of 94% of spillage losses according to 
state-of-the art design concepts [7, 8]. As design conditions, a DNI level of 900 W/m2 has been chosen to find a 
valid design point for both cavity and external receiver types according to other studies performed at the same site 
[9]. A design power of 120 MWt was selected for both, the Cavity Design case and the External Design. 
In the instants when the power absorbed by the receiver would exceed its design power, a defocusing strategy is 
applied. In those cases the heliostats with the worst efficiency are defocused first. In case of exceeding the flux peak 
limit, closer heliostats delivering higher flux intensities were defocused instead. 
3.1.1. Heliostat field 
 
The heliostat field is composed by 2794 heliostats for the Cavity Design and 2388 heliostats for the External 
Design, as generated by the internal tool SoFiA [4]. These designs deliver sufficient power at nominal conditions as 
stated in the Table 3 and respect the spillage limitation defined in the design conditions. 
Table 2 summarizes the main parameters of the heliostats. Regarding optical errors a conservative value of 2.5 
mrad root-mean square has been selected to perform the simulations [8, 10] and a mirror reflectivity of 93% [11, 12] 
was selected. The heliostats are canted and focused at their slant range, their distance to the aim point. On-axis 
canting was selected, as is commonly employed in commercial plants  
Table 2. Heliostat Data 
Design Parameter Value Units 
Heliostat Height 10 m 
Heliostat Width 10 m 
Vertical Facets 5 Elements 
Horizontal Facets 7 Elements 
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Facet Height 1.98 m 
Facet Width 1.415 m 
Optical Error RMS 2.5 mrad 
Mirror Reflectivity 93 % 
Reflector Density 98 % 
3.1.2. Receiver geometry 
 
As described in Section 3.1, the geometry of the receivers has been chosen taking into account the flux peak 
limitation and spillage criteria. The receivers were techno-economically optimized for each configuration. 
A summary of the most relevant input parameters is shown in the Table 3. 
Table 3. Receiver Design Data 
Receiver Configuration External Cavity Units 
Aperture Orientation - North  
Aperture Height  11 20 m 
Aperture Width / Diameter  8.1 20 m 
Area 278 400 m2 
Aiming Point Reference (Centre) 140 140 m 
Number of Panels 16 6 Elements 
Panel Height  11 20 m 
Panel width  1.58 5 m 
Nominal Incident Power  120 120 MWt 
Maximum Flux Peak  1000 1000 kW/m2 
 
Table 4 summarizes further relevant input parameters of the design process.  
Table 4.Simulation parameters. 
Simulation Parameter External Cavity 
Sunshape Dynamic Dynamic 
Attenuation Constant Constant 
Aiming Points Static/Vertical Center of Aperture 
4. Results 
4.1. Spillage loss comparison 
The tables below show the differences in overall heliostat field efficiency and spillage efficiency. As can be seen, 
with lower DNI values the simulations with the correlated Sunshape show lower optical efficiency due to spillage 
losses than those based on an average static Sunshape, while at high DNI levels the opposite can be observed.  
Table 5. Result comparison for Cavity Receiver case.  
 Overall Efficiency Spillage Losses 
Scenario Estimated  DLRMean Estimated  DLRMean Units 
Case 1 25,68 27,00 84,93 89,62 % 
Case 2 28,83 29,79 86,89 90,04 % 
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Case 3 32,88 33,30 87,90 89,04 % 
Case 4 63,42 63,68 94,76 94,25 % 
Case 5 55,51 59,01 85,04 91,55 % 
Case 6 65,34 65,73 94,78 94,14 % 
Case 7 61,830 61,857 93,93 93,90 % 
Table 6. Result comparison for External Receiver case 
 Overall Efficiency Spillage Losses 
Scenario Estimated  DLRMean Estimated  DLRMean Units 
Case 1 25,68 27,00 84,93 89,62 % 
Case 2 28,83 29,79 86,89 90,04 % 
Case 3 32,88 33,30 87,90 89,04 % 
Case 4 63,42 63,68 94,76 94,25 % 
Case 5 59,16 63,28 83,84 91,37 % 
Case 6 65,56 63,29 92,69 92,39 % 
Case 7 68,696 68,663 92,947 92,911 % 
 
As a result of this work, a set of six correlations have been performed in order to evaluate the annual impact of 
the Sunshape variability. This is done by correlating the difference in spillage losses for the investigated cases with 
the associated DNI.  
Table 7. Result comparison for the annual extrapolation, percentage of underestimation of the spillage losses 
 Cavity  External Units 
Difference 4,2 5,8 % 
 
It can be seen from these preliminary estimations that the employment of a static Sunshape instead of a dynamic 
one can lead to an underestimation of the intercepted energy of around 5% for both receiver designs. This however 
should be further investigated on a plant level in subsequent studies. 
5. Summary and outlook 
As shown in this preliminary study, the use a static standard Sunshape in the simulations can lead to significant 
differences in the Spillage factor calculation. However, since the spillage losses only contribute to about 5% of the 
overall losses along the energy conversion chain, this error will not have a critical impact on the annual energy 
estimation. Nevertheless, it should be considered in the uncertainty analysis if the Sunshape profiles on site have not 
been properly determined or standard Sunshape profiles are applied during the energy assessment. As has been 
presented [5], the proper determination of the atmospheric attenuation function for each site influences on the 
projected energy yield to a much higher degree. 
A well-defined industry standard practice for the quantification of these parameters and more validation data for 
different sites will support the capacity and knowledge of the local CSP industry and remove a key road block; that 
is, the problem to access debt finance and high uncertainties associated with CSP resource assessment. 
DNV GL recommends project developers of Central Receiver Systems to install measurement devices on site to 
quantify the atmospheric attenuation and Sunshape distributions. The criteria for selection of the most appropriate 
sensors should be the possibility of integration into meteorological measurement stations, robustness for remote sites 
with little maintenance requirements and measurement accuracy. 
This measurement data has then to be used to perform realistic simulations in Energy Production Assessments to 
reduce uncertainties and project risk. 
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